The effects of different parameters on steel plate shear wall (SPSW) are investigated. The studied parameters are thickness of plate, location of the opening, thickness of diagonal stiffeners, and thickness of circular stiffener. Load-carrying capacity of the SPSW is studied under static load using nonlinear geometrical and material analysis in ABAQUS and the obtained simulation results are verified. An artificial neural network (ANN) is proposed to model the effects of these parameters. According to the results the circular stiffener has more effect compared with the diagonal stiffeners. However, the thickness of the plate has the most significant effect on the SPSW behavior. The results show that the best place for the opening location is the center of SPSW. Multilayer perceptron (MLP) neural network was used to predict the maximum load in SPSW with opening. The predicted maximum load values using the proposed MLP model were compared with the simulated validated data. The obtained results show that the proposed ANN model has achieved good agreement with the validated simulated data, with correlation coefficient of more than 0.9975. Therefore, the proposed model is useful, reliable, fast, and cheap tools to predict the maximum load in SPSW.
Introduction
In the current seismic resistant design, building structures are allowed to exceed their elastic limit under severe earthquake excitation. However, brittle collapse of a building should be prevented. Besides strength requirements, stiffness is another concern in a structural design. With high strength and high stiffness, the steel plate shear wall has drawn many engineers' attention. Many research works have been carried out on the steel plate shear walls. One of the attractions of steel plate shear walls, SPSWs, is the easiness of opening application in the infill plate, sometimes required for passing the utilities, architectural purposes, or structural reasons. Experimental studies have been carried out on the thin steel plate shear walls by Caccese et al. [1] , Driver et al. [2] , and Lubell et al. [3] . Analytical studies on the shear buckling behavior of steel plate wall and the behavior of a multistory steel wall system were conducted by Elgaaly et al. [4, 5] , Driver et al. [6] , Berman and Bruneau [7] , and Sabouri-Ghomi et al. [8] . Design rules of the thin steel plate shear wall are also specified in the design specifications, such as AISC [9] and CSA [10] . In [11] , several experiments have been performed on the behavior and energy absorption coefficients of ductile SPSW with stiffeners and without stiffeners. The obtained results in this approach show that behavior coefficients of the SPSW with stiffeners and without stiffeners are 11.5 and 12.2, respectively. Energy absorption of the SPSW without stiffeners is 36% lower than that of SPSW with stiffeners. Another experiment has been carried out on the SPSW with and without opening. The experiments are performed on the 3 one-story specimens with 1/2 scaled under the quasistatic loading. The first specimen has no stiffeners, while the second specimen has diagonal stiffeners. The third specimen has both diagonal stiffeners and the opening. The results show that shear strength of the SPSW with opening and stiffeners is close to that of the SPSW without opening and the stiffeners. When the circular and diagonal stiffeners are used in the SPSW, the energy absorption is 14% more compared with conditions in which the opening and the stiffeners are not considered. An experiment on the SPSW with thin shield and connecting beams is performed in [12] . The 4 specimens with 1/2 scaled under cyclic and static loading are used in this work. Rigid and semirigid connections are used and compared in this approach. The results show that using semirigid connections of beams as well as column reduces final carrying capacity compared with the rigid connections. The loading capacitance is decreased, where the connecting beams are used [13] . In this study, according to the existence results from an experimental set-up [12] , simulation is done using ABAQUS software. The results of the mentioned simulation are validated using experimental data. After the simulation validation, the effect of thickness of plate, location of the opening, thickness of diagonal stiffeners, and thickness of circular stiffener on the load-carrying capacity and absorbed energy is investigated. MLP neural network is used to predict the maximum load and absorbed energy. For developing of the proposed model, the input parameters are thickness of plate (mm), thickness of ring (mm), thickness of stiffener (mm), and location of opening (up, middle, and down) and the outputs are absorbed energy and maximum load.
Validation and Modeling
Several analyses have been performed, in order to obtain a precise numerical model which verifies the experimental results. The experimental specimen in [12] is considered which is shown in Figure 1 . HEB160 profile is used to create the border components (beams and columns). The thickness of SPSW is considered 0.8 mm, while the thickness of beams and columns stiffeners is assumed 5 mm. The applied materials specifications which are used to make beams, columns, stiffeners, and the SPSW are given in Table 1 . The experimental specimen SPSW in [12] is named SPSW4 and specified in Table I . The four-node shell elements with reduced integration (ABAQUS element S4R) method is used to model the frame beams, frame columns, and plate. Usage of this method reduces the analyzing time. The relationship of steel strain-stress is bilinear elastoplastic. The stiffeners are modeled using shell elements and the linear method is used to model the behavior of steel tip. The load-displacement results of the experimental specimen and simulation using ABAQUS are depicted in Figure 2 . According to this figure, the simulation results have achieved good agreement with the experimental results. After verifying the analysis results in ABAQUS, the analytical specimens are defined and modeled.
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In order to consider real condition, the wall height, wall width, plate thickness, and opening diameter were changed to 3.5 m, 4 m, 3 mm, and 800 mm, respectively.
Artificial Neural Network
ANNs can be defined as a mathematical system consisting of simple processing elements named neuron running in parallel, which can be generated as one or multiple layers [14] . Multilayer perceptron (MLP) networks are the most widely used ANNs [15] . The proposed MLP model is shown in Figure 3 , where the inputs are thickness of plate (mm), thickness of ring (mm), thickness of stiffener (mm), and Journal of Engineering location of opening (up, middle, and down) and the outputs are absorbed energy and maximum load. The input to the node in the first hidden layer is given by [16] 
The output from th neuron of the hidden layer is given by
where is the inputs, is the bias term, is the weighting factor, and is the activation function of the hidden layers.
There are a number of common activation functions in use with ANNs such as step function, tan-sigmoid function, and log-sigmoid function. A sigmoid function is a mathematical function having an "S" shape. In the presented architecture, tan-sigmoid was used as the activation function of the neurons in the hidden layers. By using the validated simulation, the data set required for training the network is obtained. The training of presented MLP networks is done by Levenberg-Marquardt (LM) algorithm. In this method, first derivative and second derivative (Hessian) are used for network weight correction [16] . The numbers of samples for training and testing data are 38 (about 70%) and 16 (about 30%), respectively. All of the input data were normalized to 1 and then applied to the neural network. In this study, different ANN structures were tested and optimized to obtain an efficient ANN configuration. Many different structures with one, two, and three hidden layers with different number of neurons in each layer were tested. MATLAB 7.0.4 software was used for training the ANN model. Table 2 shows the specification of the proposed ANN model.
Results and Discussion
Regression diagram is an appropriate diagram in order to show the ANN ability and usually the precision of the ANNs is indicated using this diagram. The more precise the network, the closer the data to the = line. Regression diagrams of validated outputs and predicted ones (using network) for both outputs have been shown in Figures 4 and 5. The correlation coefficients of training and testing data for the first output (maximum load) are 0.9985 and 0.9981, respectively, and these coefficients for the second output (absorbed energy) are 0.9984 and 0.9975. The comparison between real and predicted results has been tabulated for training and testing data in Tables 3 and 4 , respectively.
From Tables 3 and 4 clearly the predicted absorbed energy as well as maximum load by ANN model is close to the validated simulation results. These results show the applicability of ANN as an accurate and reliable model for the prediction of absorbed energy and maximum load according to the thickness of plate (mm), thickness of ring (mm), thickness of stiffener (mm), and location of opening (up, middle, and down). Table 5 
Journal of Engineering 
where is the number of data and " (Real)" and " (Pred)" stand for validated simulation results (real) and predicted (ANN) values, respectively. Figures 6 and 7 show the obtained maximum load and absorbed energy using the proposed ANN model for whole ring thicknesses and diagonal stiffener thicknesses when the opening is down and thickness of plate is 1 mm.
Conclusion
ANN has many applications in civil engineering and is known as an efficient tool to handle problems of modeling and prediction. In this study, artificial neural network (ANN) is investigated to predict the maximum load and absorbed energy in the steel shear wall with the opening. To do this multilayer perceptron (MLP) neural network is used for developing the ANN model. The trained MLP network is able to predict the maximum load and absorbed energy with a mean relative error of 0.06%.
